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ABSTRA.CT

This study has investigated the extent to which students

enrolled in (1) Intermediate Algebra and (2) Fundamentals of

Algebra I (a) achieved a more positive attitude toward mathematics,

(b) exhibited greater achievement gains from pretest to posttest,

d (c) demonstrated greater ability to transfer concepts t- a

novel problem-solving situation when taught by the Individualized

Method of Instruction than when taught by the Traditional Lecture

Method.

A luasi-exp rimental design was utilized and the study was

conducted for one semester with-pretests and posttests in both

achievement and attitude, and a posttest in problem-solving. Tbe

two levels of courses utilizing two instructional approaches

comprised 101 Ss: 62 were enrolled in Fundamentals of Algebra I, and

39 were enrolled In Intermediate Algebra. The study was conducted

at two urban Community Colleges whose student population was similar

in ethnicity, socio-economic backgrounds and educational experiences.

Two instructors were involved.

All Ss received behavioral objectives during the first week of

the semester and those who received instruction by the individualized

approach were given additional literature describing Individualized

Instruction; they studied for fifteen weeks and at their own pace.

The Ss who were traditionally instructed by the lecture method also

studied for fifteen weeks but progress d through the content at the

lust -ctors' pace. All Ss took pretests and posttests during the

first week and last week of the semester, respectively. During the
9
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fourteenth week, all Ss were assigned a problem-solving task which had

to be completed within a week's duration. The proble solving task

was designed to evaluate Ss' abilities to use initiative, mathematical

skills and skills that led to independent thinking that were not teacher-

directed. A cumulative graph was kept by all Ss to record their progress.

Achievement and attitude testing were computer-scored, and problem-

solving tasks were sebred by each instructor with a maximum of 120

attainable points.

Based on the data collected from the study, a 2 X 2 ANCOVA was

employed for each ta k encompassing achievement, aititude and problem-

solving. In achievement and attitude the pretests were utilized as

covariates but in problem-solving (posttest only) the posttest achieve-

ment scores were used as a covariate in order to control for selection

bias.

The following results were noted:

(1) There was no significant difference in achievement on the Diagnostic

and Achievement test between the two groups. (F = 0.07; df = 1167;

p < .01).

(2) There was no significant difference in attitude changes as exhibi ed

by Ss' scores on the attitude inventory. (F = 0.41; df = 1/67;

p < .01).

There was a significant difference in problem-solving, in favor of

Individualized Instruction. (F = 6.50; df = 1/63; p < .05).

Secondary findi_gs were:

A significant B effect (cou se ) t_ achievement. (F = 37;

df = 1/67; p < 01).

(2) A significant B effect course) in attitude. = 15.83;

1 0
viii



df = 1/67; p < .01).

(3) An AB effect of 3.76 in attitude which approached significance at

the .05 level (F - 4.00; df = 1/67; p < .05).

Findings of earlier studies were replicated by this study. How-

ever, several suggestions were made for further research and refinement

among which were: further comprehensive and systematic research on

other affective va iables in academic achievement; and institutional

implementation of varied teaching methodologies, evaluating the outcomes

through on-going Iesearch

It is of great importance to educators and especially to mathe-

matics instL

syndrome be

Students can

excellence.

these goals.

ctors that students who have suffered the fear of failure

assisted to recover and develop new positive attitudes.

be helped by humanizing mathematics without sacrificing

Individualized Instruction may help the achievement of

11
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Context o the Proble

CHAPTER 1

INTRODUCTIM

Several research reports (Englert 1972; Neldt and Hedlund, 1967;
Dieger and Aiken, Jr., 1961; Whipkey, 1969) have been written to
establish the interrelationship of mathematics achie ement and

mathematics attitude. Most recently many educators have been deeply
concerned about meeting the students ndividual reeds through indi-
vidualized instruction; some dissertatio: (Frase, 1971; Taylor,
1971; Jeffrey, 1972) reflect this concern. Jeffrey (1972) investigated
preferences and attitude toward one of two modes of mathematics

instruction, Prase (1971) observed the tine utilized by two groups to
complete the same number of unIts with two differant styles of instruc-
tional experiences, and Taylor (1971) tried to obtain stati- ical
evidence that might be partially used to determine the effectiveness
of independent study as used in

teaching Algebra. In additIon, Aiken
(1963) researched personality correlates of attitude toward mathematics
and Cattell (1945) performed a study on personality traits associated
with mathematical abilities. Despite these concerns and research

articles, little attention has been given to discover the effects

teaching methodology on students' attitudes toward mathematics.
Within this construct Hayes (1972) has researched the efiects of two
methods of presenting homework upon attitude, achievement and percep-
tion- of study habits in a college

mathematics course; Connolly and
Sepe (1973) worked on an analysis of student attitudes toward
divergent modes of instruction, the implications of which were geared

12



toward in1ividua1ized ruction; and the Department of Educational

Reseerca of rliami-Dade Junior College Florida (1971) investigated

learmimg systemo end student achievement as a test of a model ta a

large, abaa community college.

bx eLl levels of instruction, teadhers of mathematics have betn

connonted with -tudents' attitudes taward this subject and Its

relatioshtp to performance. Gough (1954) used the tern "- themaphobia"

to 4esc-.zibe students' reaction to mathematics, Tul (1957) referred

to 1.3 a_ tional blocks" and Johnson (1957) emphasized th- maca

for "cosiditio. Jug" a positive attitude toward mathematics through

ramid. TIle fact is, educators haVe become ha -easiugly aware of the

difficultiem which students experience in mathematics, nary of whom

have cosmitted themselves not to merey accept rationalizations from

students, 7but to seek out new methods of prescInting the subject

Odell oLlght affect attitudes and give cause to greater achieveniemt.

Many at-gales:Its actually experience great emotional StTeSs and actually

shy away from tbis discipline; this phenomenon bas caused several

author (Ppffenterger and Norton, 1959; Aiken, 1963; Hance, 1952) to

imvestiaateette factors that produce this symptom. This educator Is

especially interested in alleviating these fears and fostering a

positive attitude by "humanizing" mathe: ics -- a humanism exempli-

fied iyy awm methodology of instruction utilized it the teacher-learning

process-,

Thdefinition of learning as changed behaViort if accepted,

alms appropriate consideration to be given to the possibilities

of ehonging attitudes In conjunction with the acquiring of lutowledge.

An instructor may wall affect change by providing a classroom climate

13



in which students grapple with past problems which wete the cause of

negative experiences in mathematics verbalize them and set forth

new goals in which they would strive for complete recovery fr m

"mathemaphobia" (pronounced fears in the presence of mathematics)

d "emotional blocks" (dislike of, and hostility toward mathematics);

the end results, bcpefully would be greater academic success in tl

understanding of mathematics, a more positive attitude toward the

subject natter, and the ability to transfer concepts learnea to

problem-solving situations.

'Statement of the Problem

The purpose of this study was to ascertain the extent to which

students enrolled in (1) intermediate Algebra end (2) Fundamentals

of Algebra I (a) achieved a more positive attitude toward mathematic ,

(b) showed greater achievement gains from pretest to posttest, mnd

(e) demonstrated greater ability to transfer concepts whet teoght by

the Individualized Method of tustruction than whe taught by the

Traditional Lecture Method.

Re- e- of the Literature

For the past fifteen years, 1959-1974, there has been an Inc

number of published articles relative to perforounce in mathematics the

effects of attitudes on perfo_mance and methods of in traction, the

erpressed theme of which was greater mathematics achievement and hov

personality and environmental factors affect attitude toward amthemmtixa.

Moat recently, educators have been dev ting their energies to instruc

tional outcomes, instructional preferences, behavioral objectives, end

above all meeting individual needs of students through a variegated

14



array of pogrt, Carrent evidence to support this contention is
reviewed bel.ow.

jaa..rges.42.1.3ffil_tIsIgKarns.

Chapman (1966, p. 34) asked: "Are JI-IrtiOT Colleges superior
teachi col,ages . Is the teaching in Junior Colleges as good as,
or better than that of o1e r iristitutions of higher learning?" Re
alluclei to Sidney lioafa statement in which it was mentioned that
it is an oex i claa cliat Ole worst teachimg in the American
system of education takes pLace at the collegc level, end continued
that lie did not know vhetber ok was including junior colleges
in his densmciati one riling that was certain In Chapn minc .
was that there eh he no room for complacency at the junio-
colleges . Rathcr , he siiesce4 educ tors improve the teaching by
"tesharpentug the tola of in.struction' so tlac improved learning can
take place; by "to l exit the total college en ironment all
personnel, ía Lties tudent services, curriculum, and instruction
tbat were utilized to read: tle obligations of the college. Re added
that

Whetter w
the classroom.
a greater and
do thiags

t, te hnology has invadedin di probability, have
feet -upon us, the way vievac ta can progress at individualrates . material will be presented in a varietyof ways wbkhi a-re de signed to intensify learning.

fluence of ller's work has been parti ularly important
tallishing the Individualized IMethods of Instruction. Keller,

a paychclogistt and dissatisfied ith. the conventional approaches
teaching, de ised a new s tyle dn vhict he applied his lehavioral

approach to college teaching. He implemented the concept of mastery

ir



learning end developed a syatereatic behavioral model known as the

Personalized .,ystem of Instruction (PSI) or'the Keller Plan. One of

Keller a (1968, p 80) hand-outs read as folio

This is a course through which you may MOW, from
start to finish, at your ma pace. You will not
be held back by other students or forced to go
ahead until you ore ready. At best, you may meetall the course requirements in less than one
semester; at worst, you nay not complete the job
within that time. How fast you go is up to you. .

A brief synopsis of this (Keller) Plan would be: It divides the

material into mall, clearly-defined objectives, permits each

student to proceed at his -wn paoe, requires mastery of one unit

before proceeding to the next, furnishes immediate positive reinforce-

and provides for the personal-social interactions that we know

are lmpor-ant to motivation. Rases ifevsluations (The EPIE Report,

April, 1974) have also shown that retention of content is as good as

or better than that which occurred in the conventional claasroon.

Some of the studies also tested stude ts from nineteen weeks to nine

months afterward, to obtain contrasts in retention. Here all otudies

favored PSI, arid the contrast was greater than that shown innediately

after the course ended. When dif erences at the end of the course

ranged from 6 per cent to 20 per cent, with a mean of 10.8 per cent,

differeeces in later retention rang d from 10 per cent to 22 per

cent with a mean of 17 per cent.,

Several _ther programs have been invented since the PSI P1

The Educatiotal Products Information ExChange institute (EPIE, January,

1974) looked at three similar programs, namely, Program for learnIng

in Accordance with Needs (PLAN), Individually
Guided Education (IGE),

and individually Prescribed Instruction (IPI); PLAN Is an instruc-

16



tional system that facilitates Individualized Instruction; IGE among

other components focuses on the Individual learner, develops measure-

ment tools and evaluation procedures; and In is an instructional

ystem which is designed to individualize the eeaching of subject

content. In, one of the older and more widely known InstructLonal

systems, has been closely identified with an elementary mathematics

program UTE 1974).

Connolly aad Sepe (1973, p. 1 ) tried to identify those

characteristics of Individual and Traditiotal Instruction preferred

by community college students. nom the Choice of the two methods

of inseruction, 50 per cent of 377 students Chose lndlvidualized

Instruction and of eight
characteristics describIng the two teaching

methodologies, seven of the statements were favored over the

traditional counterparts; the one characteristic not preferred

was "learner control" as opposed t 'external control". These

two characteristics were described as follows:

Would you prefer a course in which (check one)

Learner
Control

the student will be responsible for his
own learning and progress and for meeting
the stated course objectives,

or a course in which

External
Control

the student 11_11 have to meet certain
requirements set by the instructor to
maintain satisfactory progrets in the
course.

The students were told in advance Chat the particular course in whIch

they were planning to register would be taught in.these two different

styles, and that they were free to select the one they preferred.

Since these two concepts -- "learner control" aad "external control'

-- were yell-defined, the authors w ee of the opinion that there



appeared to be some unwillingness on the part of the students to

accept responsibility for learning. They also attributed much of

the failure of individualization
to this-factor and recommended

that students be taught a "new way, as individuals. They must

modify a learning style that has focused primarily upon the teacher

to one that -ill depend primarily upon the students.

What did the students vho have been exposed to both types of

instruction say? Jloia (1973) iu a sociology course taught by the

I dividualized Method of Instruction found that the etudents in

comparing traditional approach with individualized approach favored

the individualized course; the rationale was that they could work

at their own pace and receive immediate gratification (quick test

results) for their work. They pointed out, however, because of the

nature of sociology, they missed classroom discussions and they

felt isolated from their peers although they had more Interaction

with their instructor.

Roueche and Berrscher 1970) have acclaimed that learning is

not an accideot, buZ rather the result of strategically planned

teaching methods, They advised that prospective teachers be trained

in instructional methodology to meet the needs created ly recent

technological developments fcm educatiOnal innovati_ consequently,

this method should be a contributory factor to more effective teach-

ing. They also advocated Individualized Instruction, and agreed with

Bloom (1968) research on student learning where he concluded that

95 per cent of students can learn a subject up to a high level of

mastery -- the grade of A being an index of mastery. Roueche and

Herrscher (1970,,p. 26) further state that



it is obvious that traditional methods of teaching
do not succeed with individuals who are not traditional
students. It becomes equally obvious that if the two-
year college is ever to achieve its lofty ideals, the
institutions will he compelled to experiment -- to
try mew programs and new methods, discarding those
which do not succeed and reftning those which are
successful.

Koyanagi (L970) in his quest to determine the rela ive merits

methodologies in improving problem-solving abilities, designed

a study for a seventh grade science class. A relevant but secondary

purpose WAS tO determine if relationships existed between students'

problem-solving ability and their ability in critical thinking,

reading and ton-verbal I.Q. ThT.Le groups were studied. Two

randomly-selected groups com: ised eaCh of Groups 1 and 2; and

Group 3 consisted of students from another school. Group I

received instruttions in whiCh a p -Mem was defined, the

variables of the problem discussed, the direct procedure to solve

the problem carefully outlined; then the _tudents were allowed

to work in pairs- Group 2 also received instructions in which a

problem was defined and the variables discussed, but they were

required to design and make their own procedure to solve the

problem; they too were allowed to work in pair- Group 3 received

no formal science instruction during that school year and worked

individually on the problems. The duration of instruction, to

all groups was fifteen 40-minute periods. The results of the

study Indicated Chat problem-solving abilities of lower I.Q.

students who received instruction utilizing a, teacher-planned

procedure or ar tndividually-ascertained procedure could be im-

proved mo significantly (significant at the .05 and .10 levels,

19



9

respectively) than those students who received no instruction.

Analyses of the data showed no significant gains for the venainder

of the students In both treatment and conirol groups within the

instructional time-limit allotted. There was also significant

positive correlations between students' problem-solving abilities

ani: their abilities in critical thinking, reading and non-verbal

I.Q.

In suuary, the literature discussed in this section reini rces

the need for innovation in education, with special emphasis on the

type of instruction afforded the community college student. There

vas supportive evidence that individualization of instruction to

meet individual students' needs has blossomed into several variations

thronghout the country since Keller's departure from the c- ventional

instructional approach. In the quest for teaching styles to meet

students' needs, identifiable concerns were: (1) student input in

selection of teaching methodology; (2) teaching ntyle effectiveness

from one p_ gram to another; (3) uniqueness -f community college

students because of the vide range of intellectual Abilities studentq

should be less subjected to traditional college lecture method of

teaching; and (4) problem-solving ability of lower L.Q. students to

perform with instructional alsistance -orking in small groups, and

without instruction working individually. It wai established that

students v5 th lower I.Q. could improve their problemr-solving

skills if given some initial instructional assistance and were

allowed to work in a pair-group situation; it appeared that the

higher ability students did not necessarily require teacher assist-

ance since their problem-solving skills were not improved. This

20
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notable difference as a result of teaching styles is very pertinent

since its implications are directly applicable to the comm_- ity

college student population.

Attitudes

Aiken and Dreger (1961) researched the relation of mathema

attitudes to achievement measurer, the relation of mathematics

attitudes to personality measures and the relation of mathematics

attitudes to experiences with mathematics. They found that atti-

tude as a predictor of achievement was borne out for females but

not for males: leadership for males was significantly correlated

with mathematics attitude whereas females with good "adjustment to

CS

reality" had more positive feelings toward mathematics than those

with poorer adjustment; math attitudes were fouad to be related

t remembered impressions of teachers, the females more clearly

so than the male attitudes.

Neidt and Hedl d (1967) made reference to the number of studies

reflecting relationship of attitudes toward school or toward a

specific subject matter and achievement. Their study designed

investigate the relationship between change in student attitudes

toward a class in which they were par i ipating and final achieve-

ment in class, with ability held constant esulted in consistently

decreasing mean attitude scores in all three of the classes

tested -- Science, English, and German. (Attitude results were not

tested tatistically). In two of the classes, it was found that

attitudes were significantly related to final course grades rather

than early in the period of instruction, and that student attitudes

toward a particular learning experience became more closely related

21



to achievement in the learning experience as the perIod of

Instruction progressed.

Uhipkey (1969), utilizing the Duttdn Att tude Scale d

the Hurd Number System Test, also found a small but important

relationship between mathematical attitude and mathematical

adhievement. He was convinced that a mathematical attitude does

have a relationship with an associated behavioral dispositiqa which

is the determinant or consequence of attItude.

Aiken (1963) investigated 160 female college sophomores for

personality correlates of attitudes taward mathematics. He chose all

fe les since his previous study (1961) indicated that non-intellectual

factws were more influential in determining the attitudes of females

toward mathematics that those of -11es. The results suggested that

with more favorable attitudes toward mathematics (high scorers

on attitude scale) tend to be more socially and intellectually mature

more self-controlled, and placed more value on theoreti_ 1 matters

haa those with less favorable attitudes (low scorers on attitude

scale). He concluded that attitudes toward mathematics were sign

ficantly related to general personality variables.

Another of Aiken's atudies (1970) reviewed several research

projects that were conducted over a period of ten years with the

subjects ranging from elementary achool to colle e level. He

discovered that on the college level, low correlations between

mathematics attitude and achievement existed. However, there was

found to exist a significant relation between sel ction of a

mathematics course versus no mathematics, and attitude.

Poffenberger and Hort (1959, p. 172) in an attempt to find
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out why high school and college students had such seemingly lack

of interest in mathematics pursued extensive research, first with

a pilot study -- Student Attitudes Toward Mathematics -- folio ed

by another study namely, The Formation of Attitudes Toward Arith-

metic and Mathematics. The studies revealed that "students do

not care as much for mathematics as they do for other subjects

(and) there is a tendency in our culture to believe that men like

and do bett r in mathematics than omen." Other results from the

study were certain factors that significantly differentiated the

two groups under study into those subjects who indicated a "po-itive"

attiude and those who indicated a "negative" attitude. These

factors were (1) the attitudes of the fathers toward mathematics

and the expectation of both parents of mathematical achievement on

the part of the children; (2) a teacher effect, where students with

positive attitudes showed a greater liking for a teaeher than those

with negative attitudes -7 those with negative attitudes being

more critical of their teachers and even if they liked the

teacher disliked the subject; and (3) the present lack of

interest in mathematics which was largely a cultural phenomenon

pervading not only the educational system of the country but

also the family as an institution that conditions the attitudes

of children.

In a longitudinal study over a ix -ear period (1960-66)

Antonnen (1969, p. 467) investigated the relationships between

mathematics attitude and mathematics achievement from the late

elementary to the late secondary school level. The 607 subjects

were tested in the spring of 1960 with a mathe-__tics attitude
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instrument and ere _e ested in the spring of 1966.

Using a .05 level of significance, the resultsshowed a significant positive correlation betweenthe elementary attitude scores and the secondary
attitude scores. In addition, significant
positive correlations existed between all measuresof attitude and achievement.

In summary, of the several studies performed to research the

relationship between mathematical attitude and mathematical

achievement, there has been increasing evidence substantiating

the existence of a high positive correlation between these two

variable-7 poor or negative attitude resulted in low achieve ent,
while a positive attitude often resulted in high achievement.

Personality variables have also been correlated with attitudes

toward mathematics and there has been exhibited a fear of this

subject at all levels of education. The attitudes exhibited

in elementary school have been seen to persist thr ugh high school

and into college, where students demonstrate their attitudinal

behavior by enrolling or n t enrolling in mathematics courses.

Family members and teachers of mathematics have contributed to

the development of attitudes toward uathematics as well, but a

humanistic approach to teaching mathe- tic- cur-e tly in use

throughout the country may affect more positive and less negatIve

attitudes toward this subject.

C. AchIevement and Transfer af Conce ts.
Sheppard and MacDermot (1960) described a design and evaluation

of a programmed-teaching
procedure applied to a large undergraduate

course in the psychology of learning. The design of the experimental

teaching procedure was patterned after the approach taken by Keller
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(1968) and the performance of these students was compared with the

performance of students covering the same subject -atter in a

conventional manner. The results showed'the experimental

teaching procedure to be superior to conventional instruction

procedures as measured by student achievement and student

satisfaction. The authors concluded by agreeing to Michael and

Corey's (1969) statement that the procedures used had wide

generality and were applicable to general subject matter.

Achievement is an integral part of instruction. Tyler

(1951) claimed that inst_-_etion involves several steps, and is

not effective unless desirable changes in the behavior of 3tudents

take place. Among these steps is educational measurement or achieve-

ment testing, and the outcomes could be of a multiple nature such as:

knowledge, skill, interest, attitudes, and transfer of concepts.

Tuckman (1974) also advocated a multiplicity of OUteotles which stemmed

from five categories: (1) specific knowledge and comprehension; (2)

general knowledge and comprehension; (3) thinking aad proble -solving

(4) attitudes and values; and (5) learning related to behavior. Other

authors who have researched multiple outcomes e Worthen (1968) and

Mah- (1963). Mahan investigated two modes of instruction in general

science and measured proble lying skills, attltudes, interests, and

personal adjustment. Worthen, in two methods of instruction with

elementary mathematics, measured tests of initial learning, retention

and transfer of heuristics and msasures of attitude to ard the subject

content. Schmalz (1973) in conjunction wi h her dissertation, "The

Effects of Two types ofTeedback in Microteaching on the Development

of Mathematics Teachers' Questioning Skills," developed an instrument
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with five major categories of questions: rhe_orical, opinion, pro-

cedUral, lower-order and highe order, the first th- e categories

separate the non-content, non-mathemat cal questio from the

questions of mathematic content according to the co -itive level

they demand. Schmalz felt that:

In a time of rapid technological advances,
when there is need for frequent adaptation
of skills it is generally agreed that teaChers
must do more than just teach studeats a certain
body of facts. They are responsible for teach-
ing students processes of thinking and learning
so that they have the ability to discover some-
thing new through consideration and reorganiz-
ation of the known.

(Same of the problems for the problem-solving taik of this study

were adapted from the higher-order qu_- -ons of the instrument.

constructed by Schmalz).

Inherent in the measurement of achi_ ement were tbe criteria set

by clearly formulated objectives. Tyler (1951, p 49) states,

It is not possible to construct a valid achieve-
ment test . . without clarifying the objectives
which the test is supposed to measure. One cannot
measure the outcomes of a course without knowing
what particular changes in behavior are sought. .

Katona (1940) in pursuit of this concept emphasized "understanding,"

the sort which favored t ansfer of learning to a problem-solving

situation. GagnA and Brown (1969) exhibited. much inte-rest in

their study on a "bridge" between conceptual learning and utiliz-

ation how concepts that were learned eiiter into the activity of

solving problems. Gagri4 and Brown study dealt with Visoovery

versus Rule and Example in which they found that the subjects who

were exposed to the discovery method exhibited greater transfer

of learning if the degrec of the original learning w s equ ted.
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Roughead and Scandura (1968) alluding to GagnA and Brown's find-

ings felt that the outcome of the 3tudy was due to uncontr lied

factors; Roughead and Scandura believed the tra sfer ability of

learning depended on "what is learned" originally, the nature

of the transfer items and the relationships between them. Wo hen

(1968, p. 7), in his study also made reference to these two pre-

vious studies and expre _ed his belief that "much more exploration

was necessary before it would be possible to discern which, if any,

comparisons are legiti _e."

Krathwohl and Payne (1971 ) in defining educatIon as a process

of "changing student behavior to achieve certain specified goals

have oriented their readers toward some facets of education that

should be incorporated in educational programs One of these

facets stressed content "usage" and content "application" more

than content ecall." The authors emphasized that what a

student did with the content he learned was more important than his

ability to remember it on demand; it was felt that content learned

in the context of its use was more resis _:t to forgetting than

if learned more or less by rote as. a series of relatively unrelated

fact . Another facet that played a role in effective behavioral

change was learning methods for processing data, for solving problems,

and for decision making. A third, emphasized transferability of

learned behavior. P- _minence was given to the display of learned

behaviors in the wide array of situations and problems to which

they were appropriately applicable but in which their applicabilIty

were not directly taught.

To further subbtantiate evidence on tr_ sfer of concepts to
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a problem-solving Hellberg (1970) researched the relation-

ship of concept learning to perception problem-solving and transfer

through selected puzzle and design 1 He found that the conceptual

approach to learning resulted in significant gains and that defining

the problem in terms of behavioral aims, identifying the concepts

involved, and giving experiences to fix those concepts, resulted in

significant behavioral changes. He also found that whereas perception

improved for subjects receiving treatment, this was not true for the

no-treatment group; moreover, the no-treatment group scored signi-

ficantly lower on the problem-solving test given.

In the Elliott and Tuckman (1973) study, "Different.Lated Out-

comes Resulting from Individualized Instructio at a Two-Year

College" although there was no significant difference in achieve-

ment on the performance test between the two groups, subjects in the

individualized program spent less time in studying withou:: decreasing

achievement, spent :ore time solving problems and received more

correct transfer problem solutions. These students had learned to

function independently and accepted the responsibility for search-

ing out the answers; the authors concluded that better performance

on an initial job when leaving school would be an expectancy.

Keller (1968, p. 83) in having his students assess individual-

ization of instruction had this report from his mythical figure

John:

Among other things, in comparison with courses
taught more conventionally, this one demanded
a much greater mastery of the work assignments.
It (has) required greater memorization of
detail and much greater understanding of
basic concepts, it generated a greater feel-
ing of achievement. It gave much greater recog-
nition of the student as a person and it was
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enjoyed to a much greater extent. . . Study habits
had improved during the term, (his) attitude
towards testing had become more positive, worry
about final grades had diminished. . . .

An individualized instruction approach in the teaching of

mathematics at the comnunity college seems to be feasible and

desirable and some mathematics educators tend to suppoIt this meth d

of instruction. In accordance with Chapman (1966, p. 37) as

educators,

we must .accept the fact that we can improve our
courses and methods of teaching. We must stretch
our imaginations, study current and proposed
practices, experIment, and then make some bold
decisions. We must accept new ideas, new tech-
niques, and the media, not because they are
novel or for the sake of change alone, but
because they, and the other concepts coming from
them, promise to increase effectiveness as teache

The importance of nultiple outcomes as reflected in the literature

has been a major coneerr for several educators. Researchers have been

discovering that they could adapt the principle of the differentiated

outcome hypothesis and thereby utilize measures broader than achieve-

ment far evaluating less conventional styles of teaching. Individual-

ization of instruction, ane of these les3 conventional instructional

methodologies, has received supportive evidence and wide acclaim

while producing comparable results when evaluated using one crit rion;

however, in some instances, when multiple criteria were applied, this

teaching style has produced superior results in problem-solving.

The ultimate goal of learning is the ability to apply what

'has been learned, which is the transferring of concepts to proble

solving situations: It is with this intent that educational be-

havioral objectives try to reflect the psychomotor, cognitive and

the affective domains in hierarchical levels. Much of the research
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to d_ e however, has focused on measurement of content achievement

while little has been acco plished in the affective domain and higher

cognitive levels of achIevements hut the literature cited imlientcd

an increased trend to establish mcze work in these areas of study.

Hypotheses

Hypothesis

Students who study Intermediate Algebra by the Individualized

Method of Instruction will experience greater achievement

than those taught by the Traditional Lecture Method.

-thesis 2

Students who study Intermediate Algebra by the Individualized

Method of Instruction will indicate a more positive attitude

toward mathematics than those taught by the Traditional

Lecture Method.

ypothesis 3

Students who study Fundamentals of Algebra I by the

Individualized Method of Instruction will experience

greater achievement than those taught by the Traditiomal

Lecture Method.

Hyp rhesis 4

Students who study Fundamentals of Algebra I by the

Individualized Method of Instruction will indicate a

-a positive attitude toward mathematics than those

taught by the Traditional Lecture Method.
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linsithlIELL2

Students taught either Intemediate Algebra oT Fundamentals

of Algebra T. will hor sivifica tly reatcr ability tu

transfer concepts to a problem-. lv!ng s_tuation than

tltose taught by the Traditional Lecture Method.

Rationale for Hype theses

Keller (1968) ...ntro uction nf the Personalized System of Instruc-

tion (PSI) in the college classroom has led to tremendous efforts by

educators to adapt the Individualized Instruct4 n System ever more

frequently and accurately to satisfy the personal needs of each

individual student. The superiority of the techniques of PSI over

traditional lecture method has been well documented (Born, Gledhill,

and Davis, 1972; Cooper and Greiner, 1971; Morris and Kimbrell, 1972;

Keller, 1968) and tend to stimulate educators as to their responsibili-

ties. Respon-iveness to students' needs or accountability is the theme

for today's education in many areas of the country, hence not only con-

cerned educators but entire educational systems have been, and should

continue to be, responsive in providing the services required to help

students attain their goals. Wilson and To t (1972, p. xii) define

responsiveness of the educational system as "e'rery time that a tech-

nique or approach is introduced which increases the frequency with

which the instructional sequence can be changed for a tudent and

irresp _siveness as "any condition in which all students must do the

same thing with the same materials at the same time."

Many students bring to the community colleges their negative

attjtudes resulting from previous experiences in mathematics. This
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continues to be a handicap tor them and for the institutIon since

certain programs demand courses in thematics be taken (students have

no alternative) and students shying away from the subject give cause

to failure of the department to meet its enrollment expectancy. If

the community college is a teaching college having the ability to

emphasize the excelence of It teaehing as Chav (1966) has claimed,

then instructors of mathematics must-project this image, attract more

students to the program, alleviate their fears and negativism toward

the subject, attempt to remedy the poor matiematicl preparation c)

former education, seek to avoid failure in mathematics and assist

students in coping effectively with his environment. Mbore (1970,

p. 219) has al o stated "regardless of the curriculum used, in the

first analysis, it is the people - creative people -- who make a

curriculum w -k " Tyler (1951, p. 47) has asserted "instruction is

not effective, unless some changes in the behavior of students have

actually taken place." He further stated that instruction involves

several steps and that in appraising the effccts of the lea -ing

experiences educators must not only test but evaluates taking into

consideration that:

Any learning situation has multiple outco es.
While the child is acquiring information, 14.now-
ledges, and skills there are also taking place
concomitant learnings in attitudes, appreciations,
and interests. This view indicates a shift from a
marrow conception of subject-matter outcomes to a
broader conception of growth and development of
individuals.

As educators prepare students to function in a larger society

outside the classroom it is imperative that transfer of knowledge

be one of their goals. Problem-solving is one such /ay of evaluating

mastery of concepts or Subject matter content, yet many instructors
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and researchers avoi6 Jas aspect of measurement. Gagnè and Brown

(1961, p. 313) stecec thqt 'concepts acquired in the course of an

riment are usually not fuIthar as in the solution of a

problem but are simply measured as being 'established' in the sense

that they meet a criterion of learning or recall." They further

ted that only a few isolated studies have been devoted to a

combination of concept learning and utilization, for example

applying concepts or concept sequences which are newly learned

to the solving of problems.

The following therefore has been investigated in this

study: If by providing a different classroom at osphere relative

to the mode of instruction and the evaluation of transfer of

concepts, then mcre positive attitudes would occur and greater

achievement be accomplished. AcknowledginL that students learn

at different rates and considering the concept of maximizing the

gain students receive between their point of entry and their

point of departure from an educational
institution, it seemed

pedagogically sowid to implement IndividualIzation of Instruction

and analyze the gain achieved by students when compared with the

Lecture Method approach commonly and currently in use. Furth

more educators must no longer be satisfied to implement any new

concept in its entirety without experimentation and assessment

through research.

There were several reasons for conceptualizing that Indi

vidualized Instruction would result in greater academic achievement.

Inherent ia individualized
instruction is student responsibility

-- a very vital ingredient for success in this teaching approach.
fi
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This method assists students in learning how to solve problems

independently and to respond Lc situations which they encounter

as students, workers, family leaders, cbmmunity members or private

citize s. Also, in the teaching-learning situation, appropriate

guidance is given to each individual as the need arises; students

are not bored performing tasks that they already know how to

manipulate nor do they have to proceed to other assignments before

grasping basic concepts. Especially in mathematics, this latter

phenomenon often causes failure since the content of most mathe-

matics courses is so st uctured that understanding of future

mate al is predicel:ed on previously learned knowledge. Another

benefit derived from individualized instruetion is the omission

of the fear of failure syndrome, and the alMost cer ain hope of

achieving a grade of A. Bloom (1968) mad Connolly and Sepe (1973)

contend that with proper planning, effective methods of "teaching-

learning", and a sincere desire to meet studen s needs, 95 per cent

of the students will want to and can achieve a grade of A, given

sufficient time.

Is tery of subject content can be accomplished as a

result of the methodology incurred in individu lized instruction.

Not only are there pretests and postt sts, but sample tests are

included for each module and unit; studentø are also afforded the

opportunIty of taking a parallel form of any test on which mastery

was not attained. These factors tend to (1) result in better

grades, ( ) build student confidence, (3) enhance morale, and (4)

eliminate bitter anxieties, fears, and negative attitudes toward

the subject matter.
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eratiorns of Variables

IL-typsadeVariable

The -methods of instruction utilized in the study were

Individuali ed InstructiOn versus Traditional Lecture.

Individualized instruction for this research was defined

as the study of (mathematical) content via behavioral

objectives either individually or in small groups. Students

were allowed to request slides, films or f 1__trips to be

used at their disposal. The instructor served as a facili-

tator. Traditional Lec ure was defined as verbal represent-.

ation of (mathematical) content interspersed with questions

and answeTs between instructor and students and the ex-

planation of concepts on board with the help of audio-

visual aids. The instructor lectured to the group as a

whole.

'Moderator Variable

The Level of Course- was the-modera -r variabie. There

four groups it the study comprising of two levels of instruc-

tion; two classes of Intermediate Algebra and two of

Fundamentals of Algebra I.

'Dependent Variable

The dependent variables were (1) Achievement on Mathe-

matical Objectives, (2) Attitudinal Change, (3) Transfer of

Concepts to a Problem-solving Situation. Attitudes in this

Study applied to students' responses toward or against

mathematics as a result of their mental and neural state of

readiness, organized through expe ience. Students'
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attitudes were categorized as positive or negative

according to a weIghtedscore index obtained from a

Mathematics Attitude Scale (Aiken, 1963). A score of

fifty and above was considered vos1c1ve and a score

below fifty was negative. Achievement was defined as the

degree of change from pretest to postte t as exhibited by each

student on the Achievement Test (Boyle, 1972), (Course grades

were determined as a result of tests and quizzes administered

during the semester but were not part of the statistical

me_surement of the study).

Transfer of Concepts to a problem-solving situation was

the ability of students to retrieve knowledge and the ability

to perform on an activity for which there had not been any

explicit instructions given but which wade use of basic

principles of the course and allowed students to take

initiative to find a solution. The term "gr ater ability"

implied that students exhibited their capabilities of

meaningful organization of mteriai toward the solution of

mathematical problems; the term "probleM-solving situat

referred to an assigned task that students performed in a

specified amount of time and which was not directly related

to instruction.

Intervening Variable

Instructor's personality was a factor that could have

influenced attitude and therefore had to be given some con-

sideration since each of the two Intermediate Algebra groups

had a different instructor. This was not the case with the

3 6



26

Fundamentals of Algebra I groups which had the same instructor.

C ntrol Variable

These were behavioral objectives, content to be covered,

the maxImum amount of time to learn material before posttest

administered, and teacher effe t.

Behavioral Objective was defined by Banathy (1968)

adapted from Mager (1962) as what the learner is expected to

do; how well the behavior is expected to be performed;

wder what cums ces the learner is expected to perform.

The Content was the amount of material to be covered.

The time wan one semester of 45 hours, Fall semester,

1974.

Teacher effect was the indirect result of using two

instructors. Of the two instructors involved in the study,

one of them taught two courses in Funda- ntals of Algebra I:

one of the courses was by the individualized method, and the

other was by the traditional method. The Intermediate Algebra

course on the other hand, was taught by two different Instructors

at two different colleges.

5,__q_terkt of the Hypotheses

Jt was hypothesized that in both Intermediate Algebra

Fundamentals of Algebra I (a) students who were allowed to work

individually at their own tate, discuss their work with their peers

in a classroom setting, received individual assistance from their

instructor and took tests and quizzes when they demonstrated under

standing of content, will show greater achievement than those students

whose pace was set by the instructor, and who took tests and quizzes
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whe her or not they understood the aterial; (b) students exposed to

this first option would tend to change their attitudes toward mathe-

matics in a positive direction to a greater degree than those under

the influence of the Lecture Method of Instruction -- those who

Lava:lay exhibited pos tive attitudes will indicate an even higher

positive score on the math attitude scale; finally (c) students who

studied by the Individualized Mr!thod will perform better when concepts

had to be retrieved to solve a problem. That is, they will have more

correct pzoblem solutions, than those who studied by the Traditional

Lecture.

Siificance of the Study

Individualized Instruction is one of the most recent:innovative

ideas in educational rform throughout the country. It demands a

new conception of the curriculum with much emphasis on the individual

student needs. There is a change of emphasis from teach ng to

learning; yet it is not sufficient to adapt new technique: -ithoUt

researching the applicability to a particular institution. It

aterefore behooves educators who are affiliated with community

colleges to cease merely discussing the philosophy of the system

and engage in more systematic research on the success of teaching

methodolog es, attrition, the community college as a host for train-

ing community college teachers, and the effects of community cal ge

programs on the population it serves.

Educators must also have roles delineated for them which call

for programs of study and methods of instruction to fit the needs

and capabilities of individual students. There is no single theory

of learning; even Individualized Instruction is variegated, that is,
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several approaches are widely used. However, there is the need to

individualize instruction in the broadest sense of the term. It

has been well documented (Sheppard and MtDermot, 1970; Keller, 1968,

1971; Cooper and Greiner, 1971) that this method of instruction

favors critical thinking, creativity, self-direction and the devel-

opment of one's elf-concept. More student ecposure to several

styles of instruction and different modes of learning as in this and

other stuclies may result in a climate favorable to growth of

individuals in the institutions involved. Chapman (1966, p. 34)

said:

In order to ascertan the caliber of teaching at
the Junior College level, a method of teaching and
instructional evaluatiou must be the first order of
business. It can be formal or informal, structured
or unstructured. However, it must be designed to
improve teaching in bold and revolutionary ways.

He went on to say that there should be a concerted and coordinated

effort on the part of everyone to make the Junior College a teach-

ing college and everyone must became involved.

More specifically, it is hoped that this study will begin to

substantiate and shed light on the reasons for iow mathematics

enrollment at South Central Community College (Connecticut) and

suggests, from the outcomes, other techniques which could be

utilized to increase positive, and diminish negative attitudes

toward mathematics. One of these techniques which might prove

beneficial to the student is for the college to offer more than

ethod of instruction in order to provide a choice to the

instructors and students. This is highly _ignificant to this

study since the researcher advocates humanism in mathematics

and feels that student preferences for modes of instruction should
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be honored.

Several studies indicate that students have preferences.as to

the type of methodology by which tbey are'taught. Tuckman and

Orefice (1973) found that students of "abstract personality

structures" preferred self-study via tapes and booklets over (1)

programmed instruction within a classroom sett_ng, (2) programmed

instruction and lectures in a classroom and (3) traditional

lecture discussion instruction (lecture coupled with programmed

text was least preferred while programmed text and conventional

approa h was intermediate) on the other hand, students of

"concrete personality structu- " liked the programmed text-by-

itself procedure as compared with the other methods; self-study was

liked most, followed by the lecture-progra ed text approach, and

the conventional approach respectively.

It is therefore hoped that this study can (1) give cause or

dhanges in the regi tration procedure at South Central Coinunity

College, and (2) result in fewer student failures and greater

successful achievements in mathematics because of the new approaches

that would be made available in the teaching-learning process.
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CHAPTER II

NETHOD

atiEtgl

The population from which the sample of this study was

drawn, consisted of a diversity of students from two urban

commnity colleges in the State of Connecticut. The diversity

encompassed ethnic ty, educational preparedness, socio-economic

life-styles, age and interests. The two colleges are approximately

35 miles apart and share many similarities. In general, the sample

was a typical urban community college group of students who

commuted to classes from the city or the suburbs in close proximity,

and most of wham worked and/or were responsible for families.

Of the 101 students comprising the sample 62 were enrolled in

Fundamentals of Algebra I and 39 were enrolled in Intermediate Algebra.

Four intact groups were involved in the study -- two Fundamentals of

Algebra I and two Intermedi te Algebra. Two of these groups received

treatment (EI E2) and two receIved no treatment (C1 C2). Enrollments

were distributed as follows:

E. 28 C
1

... 34

15 = 24

43 58

All groups were registered for the Fall semester of 1974 and

con isted of both sexes with an age range extending from immediately

out of high school to retirees.

Ss enrolled in Intermediate Algebra had completed Fundamentals

of Algebra either at their high school or at the college level; the



Fundamentals of Algc_Jra I Ss had a basic knowledge of Arithmetic.

Two instructors were involved: one taught three classes -- two

Fundamentals of Algebra T (a treatment g oup and a no-treatment

group) and an Intermediate Algebra (treatment group), while the

other taught one class in Intermediate Algebra (uo-treatment).

Teaks

All Ss met two and ote-half hours per week for fifteen weeks.

During the first week of the semester a pretest consisting of (1)

an achievement test and (2) an attitudinal inventory was adminis-

tered and at the end of se ester, a posttest was given; in addition,

a problem-solving task was assigned during the fourteenth week of the

semester to be completed within one week.

Intermediate Algebra Ss received during the first week of classes

hand-out material consisting of (1) course syllabus, type of

instruction and grading procedures and (2) behavioral objectives

encompassing sets and polynomials, equations, order relations and

Cartesian plane, relations and functions, and linear and quadratic

functions. The treatnent group also received a flow-chart illustrat-

ing how they were to proceed with their study and information

explaining individualized instruction.

Fundamentals of Algebra I Ss were also the recipients of these

band-outs; the only difference was that their behavioral objectives

covered operations with algebraic expressions, special products and

factoring, operations with functions, and first degree equations in

one unknown.
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Independent Variable_

Individualized Instruction Ss enrolled in Fundamentals of

Algebra I received behavioral objectives (Appendi A) covering

four units, each of which had four module and one unit tests.

The te ts reflepted the behavioral objectives; each test

consisted of parallel A and B forms. Module tests were teacher-

made, hut unit tests were those provided by the author of the

Teache 's Manual. Course grades were determined by performance

OA these tests. Teacher-made tests were previously tested on

another group of students which allowed for ineffective questions

to be eliminated; however, all Ss received the same test therefore

the validity was not threatened. Ss utilized a textbook and a

workbook which were recommended by the instructor, and in addition,

several reference books were placed in the library for their con-

venience. Success on sample tests prepared by the instructor
.

determined the preparedness of the Ss to request Form A of the tests

and each module or unIt was mastered before proceeding to the next.

$s studying Intermediate Algebra via Individualized instruetion

also received behavioral objectives (Appendix B) for the course,

utilized a textbook and a programmed Study Guide, and made necessary

use of the library reference resources. The test was planned to cover

material and each test was available in parallel Forms A and B.

Lecture Ss received verbal presentations each time the class

and -ere subjected to heuristic techniques. Content was the

same as for those receiving the treatment and quizzes and chapter

t (referred to as module and unit tests in the treatment groups)



were adminis ered. These tests and quizzes were administ red by the

instructor at his discretion when he thought that the class was

prepared.

Both the treatment and no-treatment groups had access to slides,

films, film-strips and tapes.

Instruments

The dependent variables were Ss achiev ent on (1) the Algebra

Achievement Posttest, (2) the Attitude Inventory Posttest, and (3)

the problem-solving task. All Ss were given the same Achievement

Test Attitude Inventory and problem-solving task. Achievement was

measured by the number of problems each student correctly completed

on the

hour.

retest

Achlevement Test (Appendix C) after performing for,one-half

Reliability data for the achievement test include a test-

correlation range from 0.75 to 0.85 on total scores and ra

scores ob,ained toward the end of the school year. Data obtained

during the early weeks of the school year for Algebra studentg

showed a 0.55 test-retest correlation. Boyle and Littrell (1972) gave

supportive evidence for the mitigation of familiarity of students with

the test items because of the branched-program format. Validity

data for the achievement test are illustrated in Appendix D. Content

validity and concurrent validitY were established by a pilot study

and subsequent tests administered at Columbus Technical Institute.

Scores were obtained from six different levels of mathematics. As

illustrated in Appendix D, the Algebra test has a mean ratio score

of 0.49 for students completing one year of Algebra.

Positive and negative attitude attainmen rae measured by a

five-point Meth Attitude Scale whose test reliability was 0.94

4
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(Aiken, 1961, p. 20). The At itude Scale (Appendix E) consists

of twenty items, ten connoting posi ive attitudes with responses

scored from five to one -- five being most positive for positive

items and five being most negative for negative ones.

Transfer of concepts to a problem-solving situation was

measured by the number of correct solutions achieved by each student

f o_ the assigned problem-solving task (Appendix F). The total

number of points attainable was 120 and the minimum was zero.

Desgn

The desi of the study WAS of the pretest-posttest fact- lal

(two-factor) type, which is illustrated in Figure 1 vith achievement

and attitudes as depe dent -variables.

IndiVidual In- on

TREATNT

Trad i-- a_ Lectu

Figure 1

Two-by-two Factorial Design
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The two independent vari-ble ere 1) Teaching Methodology
with two levels Individualized Instruction and Traditional

Lecture; and (2) the nature of Course, ith two levels, Fundamentals
of Algebra I and Intermediate Algebra (which has been labeled as
the moderator variable).

This design was employed in testing for significance of postteet
scores on all three

dependent variables:
achievement, at-itudes, aad

problem-solving skill. On all three measures, pretest score served
as the control variable (for proble solving it was pretest athiev

Statistical AualYqs

An analysis of covariance was conducted for the posttest
scores.using the pretest scores as a covariate for the attitude
and achievement; and an analysis of covariance WAS conducted from
the problem-solving posttest only) scores, u ing the posttest
achievement scores as a covariate.

With an unequal number of observe ions in each cell the
technique of unweighted means analysis was utilized in which the
mean scores of the original cell entries were added to equalize
the number of scores in each cell.

ocedures

The study commenced with all groups receiving
hand-out material

and taking the Achievement Test and Attitude Inventory; the same
test and inventory served as posttest at the end of the semester.
All Ss were told that the test results would be utilized by the
Instructor for diagnostic purposes in trying to meet their needs.
They were also informed that no grade would be assigned for their

46
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performance on the test. All Ss used textbooks and/or workbooks

directed by instructor, followed the prescribed procedure as

outlined in the hand-onts, and pursued the tasks as enumerated

by the oJjectives of the conrse.

The Fundamentals of Algebra I treatment group, after studying

designated areas of the textbook, took sample module tests and

having achieved uastery on the sample proceeded to request Form

A of the test. If the score from Form A was satisfactory to both

instructor and Ss, Ss advanced to the subsequent module or unit.

In cases where the score did not reflect uastery (90 per cent or

better) -f the concepts tested, Ss were counseled individually,

assigned additional prescribed tasks to remedy indicated deficiency,

and then were allowed to take Form B of the test. If mastery was

still not attained, further counseling occurred and other forms of

instructional media were utilized to assist Ss in achieving mastery

of objectives. Ss repeated the test items on which they previously

demonstrated poor performance. At all tiues Ss worked at their own

pace ionsulted the instructor (if necessary) who acted a- a facili-

tator, had their tests corrected immediately aftercompletion and

received feedback on an individualized basis.

In the case of the Intermediate Algebra treatment group, pro-

cedures were slightly different. Although problems were delineated

to constitute module testing, these were checked only by the student

for proficiency. When Ss thought that they were sufficiently prepared

to take the unit test, they requested and were given Form A. Mastery

on Form A meant Ss proceeded with the next unit; if not, the process

as enumerated for the Fundamentals of Algebra I Ss followed.

A 17



The no-treatment Ss received traditional lecture, homework

assignments, designated times for testing, with everyone moving

at the same pace which was determined by the instructor.

All Ss were encouraged to complete objectives in one semester;

however, provisions were made and afforded the treatment groups

to complete the course prior to the end of the semester and up to

six weeks after. Late completion of course did not jeopardize

the study per se since Ss were given the posttest whether or not

they completed the course at that ti02. The problem-solving

activity designed to be completed within one week, just before

end of semester, afforded Ss the opportunity to use a variety of

means to obtain solutions. Solutions, however, had to be clearly

and logically explained. The task entailed application of basic

skills learned in Algebra and Ss' own abilities to draw on con-

cepts learned earlier or during the semester.

To control for Hawthorne effect, all Ss were given a chart

whereby they could record their progress and plot a cumulative

graph.

Experimental procedures and pertinent literature were afforded

both Department Chairmen and the second instructor (the investigator

was the other instructor) in advance. Publishers of the Achievement

Test were also contacted and agreement was made for scoring both

the Achievement Test and the Attitude Inventory.



CHAPTER III

RESULTS

The posttest scores on achievement and attitudes were analyzed

by analysis of covariance using pretest scores as a covariate. The

acceptance level of significance was set at the .01 level. Problem-

solving scores were also analyzed by analysis of covariance, however,

the achievement posttest scores were utilized as a covariate; the

level of significance was set at .05.

Ey othesis

Students who study Intermediate Algebra by the Individual-

ized Method of InstructIon will experience greater achieve-

ment than those taught by the Traditional Lecture Method.

Hypothesis 3.

Students who study Fundamentals of Algebra I by the

Individualized Method of Instruction will experience

greater achievement than 1-hose taught by the Traditional

Lecture Method.

In Table 1 is reported the findings of the analysis of covariance

of the achievement posttest scores using the pretest scores as a co-

variate. The F-ratio (F = .07; df = 1/67; p > .01) indicated that

there was no significant difference across treatments, but the F-ratio

of 29.37 showed that there was a significant dIfference between courses

(17 22 29.37; df = 1/67; p < .01). The AB interaction showed a F-value

of .62 (F = .62; df 1/67; p > .01) which did not attain significant

level.

4 9
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Indiv.

Instruc.

( )

Trad.
Lecture

(A2

Indiv.
Instruc.

(A3.)

Trad.

Lecture
(A

2
)

In Table 2 can be found the ach- vement means for each group.

TABLE 2

Mean Pretest and Posttest Achievement Scores

by the Four Groups

Fund. of Al

(B1)

Interm.
(B

g.

Acti..t.;4;aCt_lleans.

Fund. of Alg. I Interm. Alg.
(B1) B2

13.66

14.59

14.12

t= 20.57

cs 19.23

27.48

25.56

26.52

0.73 Regression Weight with1n)

51

20.57

20.07
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Fundamentals of Algebra I Ss who received Individualized Instruction

had a pretest mean of 7.3 and a posttest mean of 7.7; the Traditional

Lecture group had a pretest mean of 10.8 and a po ttest mean of 10.9.

The Intermediate Algebra Ss who received the Individualized Instruction

hod a mean score of 11.3 on the pretest and a mean score of 24.1 on

the posttest; the Traditional Lecture group had pretest and posttest

means of 36.1 and 38.6, respectively. The adjusted means which ar_

also reported in Table 2 shows that the adju ted cell mean for Fundament-

als of Algebra I Ss who received Individualized Instruction was 13.66 and

for those who received Traditional Lecture was 14.59. The adjusted cell

means of Intermediate Algebra Ss for Individualized Instruction and

Traditional Lecture were 27.48 and 25.56, respectively. The Individual-

ized Instruction group had a marginal mean of 20.57 and the Traditional

Lecture group had a marginal mean of 20.07. Fundamentals of Algebra I

had a marginal mean of 14.12 and Intermediate Algebra hae a marginal

mean of 2652.

The results reported allows hypotheses 1 and 3 to be rejected.

Figure 2 illustrates the results graphically.

-MVeothesid 2.

Students who study Intermediate Algebra by the Individualized

Method of Instruction will indicate a more positive attitude

toward mathematics than those taught by the Traditional

Lecture Method.

es s 4.

Students who study Fundamentals of Algebra I by the Indi-

vidualized Method of Instruction will indicate a more

positive attitude taward mathematics than those taught by

the Traditional Lecture Method.

5 2
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In Table 3'can be found the a _itude posttest scores when the

analysis of covariance was applied using the pretest scores as a

eovariate. There is no significant A effect, the F-ratio value

being .41. There was, however, a significant B effect (F 15.83;

df 1/67; p < .01). No significant AB interaction was indicated; the

F-value was 3.76.

Means and adjusted means of the att _ud_ scores_ are reported in

Table 4. The means of the Fundamentals of Algebra I Ss who received

the treatment (Individualized Instruction) were 57.6 on the pretest

and 67.3 on the posttest; the no-treatment (Traditional Lecture) Ss

had a 65.2 on the-pretest and 68.1 on the posttest. The Intermediate

Algebra Ss who received the treatment had a pretest mean of 68.1 and

a posttest mean of 62.1, while the no-treatment Ss had a pretest mean

of 77.3 and posttest mean of 71.1. The adjusted cell means of Fundamentals

of Algebra I Ss were 75.04 for Individualized Inatriction and 69.02 for

Traditional Lecture. For the Intermediate Algebra Ss, they were 61.26 and

63.91 for Individualized Instruction and Traditional Lecture, respectively.

The marginal mean for Individualized Instruction was 68.15 and for Tradi-

tional Lecture, it was 66.47. For the Fundamentals of Algebra I course,

the marginal mean was 72.03 and for the intermediate Algebra, it was

62.59. This result allows hypotheses 2 and 4 to be rejected.

A graphical representation of these result- appears in Figura 3.

-othesis

Students taught either Intermediate Algebra or Fundamentals

of Algebra I by the Individualized Method of Instruction

will show greater ability to transfer concepts to a problem-

solving situation than those taught by the Traditional

Lecture Method. 54
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Scores by Four Groups
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Posttest achievement

47

used az a covariate for the problem-

solving scores are reported tn Table 5. The r -ults indicated there was

a significant A. effec (type of instruction) of 6.50 which leads to the

acceptance of the hypothesis (F = 4.00; di = 1/63; p < .05). There was

a B effect (Ccurse) of 1.19 (F = 1.9; df = 1/63; p .c .05) and an AB

effect of .30 (F = .30; di e 1/63; p < .05) neither of which was

ignificant.

Table 6 reflects the means of the achievement test and the

problem-solving sco--- it also indicates the adjusted means of these

scores. The problem-solving means of the Fundamentals of Algebra I

Ss were 82.00 for the Individualized Instruction group and 63.53 for

the Traditional lecture. Intermediate Algebra Ss had means of 88.59

and 95.88 for treat ent and no-treatment, respectively. The adjusted

cell means vere: Fundamentals ol Algebra I Ss instructed by Indivi-

dualized Instruction, 86.40 and Ss instructed by Traditional Lecture

73.28; Internediate Algebra Ss tnstruct d by Individualized Instruc-

tion, 89.25 AO Ss instructed by Traditional Lecture, 81.08. Indi-

vidualized Instruction reported an 87.83 marginal mean and Traditiona

Lecture repo- ed a 77.18 marginal nean. Fundamentals of Algebra I

rep rted a marginal mean of 79.84 and Inte__ediate Algebra reported one

of 85.16.

in Figura 4 is presented a graphical representation of the

adjusted means.
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Treatmen

Figure 4

Adjusted Mean Problem-solving Scores by

Treatments (A
1
and A

2
) and Courses (B

1

61.
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CHAPTER IV

DISCUSSION

Findings

A statistical analysis of the data revealed the following:

There was no signiqcant main effect of A (type of instruction)

but there was a significant _ain effect of B (course) indicating that

Ss who were enrolled in Intermedie Algebra performed better than

those enrolled in Fundamentals igebra I, regardless of treatment.

Since the degree of lea -ing which took place from one course to the

other was not a ijor concern of this study, and since Intermediate

Algebra is a mere advanced caurse than Fundamentals of, Algebra I, the

superior performance demonstrated by Intermediate Algebra Sd was not

un _ual. Moreover, the achievement test is sensitive to the. matelals

taught and learned in the mathematics sequence as can be observed ick

the ratio scores and total scores when respondents who are tested Lava

different levels of experience (See Appendix D).

Selection of Ss was not done on a randomized basis. Observation

of the means revealed that in both courses Ss who received individual-

ized instruction had higher achievement gains, but intermediate Algebra

Ss who received traditional lecture instruction exhibited pretest scores

three tImes as large as the pretest scores of their counterparts. The

achievement scores were therefore subjected to aa ANCOVA which regulated

the unequal entry of the groups and adjusted the means. When the degree

of initial l-arning was then equated the difference in p _formance was

negligible which suggested that the treatment evoked comparatively the

same performance from both courses. There was no significant interaction

tween A and B which implied that the relationship between the two kinds'
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of treatment was not signifi antly different from one cou se to the other.

On the basis of these results hypotheses 1 and 3 were rejected.

Attitudes of Ss who studied Fundamentals of Algebra I showed

pose ive changes from pretest to posttest under both treatments, with

the Individualized Instruction group sho ing a larger mean. The

Intermediate Algebra Ss, however, showed a loss from pretest to post-

test under both types of treatment; moreover, the loss was corn arable

in both cases. The effects of the adjusted means on these scores

ulted in the Individualized instruction Ss of Fundamentals of

Algebra I having a higher mean than the Traditional Lecture Ss taking

this course. In Intermediate Algebra the results were reversed; the

Traditional Lecture Ss who took Intermediate Algebra displayed a

higher mean than those Ss who took the eourae by the Individualized

Method. Thus, an AB effect resulted, which approached signific -ce

the level of .05.

There was a sigeificant main effect of B which indicated that the

Se in Fundamentals of Algebra I had made greater positive dhanges than

those in Intermediate Algebra. The reason for this differential find-

ing nay have been a function of the level of courses. Intermediate

Algebra is a more advanced court than Fundamentals of Algebra I,

which would imply that Ss of Tntenrediate Algebra have lied ror ex-

perience both with mathematics and possibly treditional'learning

styles. As a result, Ss who took individualized instruction may not

have been as readily willing to change their learning styles, and the

Ss taking the Traditional Lecture approach have been less flexible to

participate in completing the instruments administered. It can be

concluded that the treatnent worked in one course -- Fundamentals of

6 3
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Al, bra It but not in the other Intermediate Algebra. There was

ignificant main effect of A; the notable positive changes asno

observed from the treatment were in favor of Individualized Instruction

but tb se differences did nct reach the significant level.

Problem-solving means indicated the need to control for selection

bias, since it was evident from pretest achie-,ement scores that the

groups were not homogeneously matched; one group in particular, the

Intermediate Algebra control, showed pretest scores three times as

large as their counterparts under investigation. Mien the adjusted

means were computed, they revealed a significant A effect in favor

of Individualized Instruction. There is some evidence from the B

effect that one course achieved more than the other regardless of the

treatment, but again, this can be att ibuted to the level of courses

and the differences were not significant. There was no significant

interaction between A arid B, but it was noticeable from information

contained in the graph of Figure 4 and the adjusted means of Table

6 that the treatment resulted in higher means across courses; Inte

mediate Algebra means ware also higher than Fundamentals of Algebra I

for both types of instruction. The latter result can be attributed

to SST mathematical maturity.

Interpretation

The results of the study suggested that when students were

ed for (1) achievement based on behavioral objectives content

and (2) ability to transfer what has been learned to a situation

in which no direct teaching was given, several events were notice-

able.

64
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Ss performance on achievement testing was comparable within

the purview of each course and the more advanced course had greater

means than the less advanced course. The treatment was also equally

effective in both courses judging from the small F.value ( .62)

exhibited. On the basis of A effect obtained from achievement

scores, it also suggested that there was no difference in performance

because of the treatment.

In measuring achievement on the problem-solving,
' abilities

to utilize initiative, mathematical skills, and skills of independence

gained through individualized instruction were very pronounced. The

transfer of knowledge was demonstrated and the learning experience

hich occurred favored the individualized approach when the degree of

original learning was equated.

This overall achievement result can be interpreted that

individualieed instruction produced equal outcomes from classroom

learning experiences but when higher cognitive demands were made,

Ss who had experienced Individualized Instruction excelled to a greater

degree than those who received instruction from the Traditional

approach.

Attitudinal changes toward mathematics were also the subject

f this study. There were positive as well as negative attitud-

inal changes. In one course - Fundamentals of Algebra I, the

results were as hypothesized. Ss whose atti udes were negative,

xperienced positive changes and those whose attitudes were already

positive demonstrated an even higher positive attitude score. There

were but two exceptions; one instance there the S's negative

attitude became more negative, and an ther event, where the S

6
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attitude changed in a negative direction but remained positive.

The Intermediate Algebra results did not follow this patte . Ss

attitude toward mathematics declined from:pretest to posttest in

both cou ses taught by the two different instructors and in both

colleges. The decrease, however, was proportional; this implied

that the intervening variable, teacher effect, did not adversely

affect the out ome of the study. Ileasons for this differential

finding suggest Ss athematical maLurity and/or the nature of

the courses, Evidently, the more acadL,J.cally sophisticated the

Ss, the more reluctant they were to participate in completing

questionnaires. Also, the more accustomed Ss were to a particular

teaching style, the more resistant they were to a -_ew teaching

methodology.

Declining attitude scores are not unfamiliar, as studies

referenced in the revi,ew of the liter ure have shown. Also

refe enced was the students un illingness to accept responsi-

bility for learning, labelled "learner control." In this study

the more advanced course under the traditional t aching method-

ology indicated a 2.65 higher mean which could be attributed to

the preference of "teacher control" -- the cha acteristic which is

iu direct contrast to "learner control."

In general, performance on achievement and attitudinal

outcomes of this study support earlier reports of the equabie

results that may have occurred from two different teaching

techniques, teacher-oriented, versus learner-oriented. This

study has also replicated previous findings which support the

superiority of Individualized Instruction over Traditional Lecture,

6 6
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when h gher order cognitive skills were req ired as in a problem-

solving situation. The significant difference which was exhibited

in the transfer of concepts in this study'has significant importance

since learning outcomes of this type are usually more complex than

those for which a one-toone relationship exists between behavioral

objectives and behavioral resPonses subsequently measured on an

examination. Other features which addressed themselves to this

study were randomization and attrition, enrollment, and the

achievement in

Randomization, the ideal method of selecting students for

study, was impos ible in this investigation since intact groups had

to be used. The college's policy could not accommodate this method

for establishing classes. The sample size was limited to four

classes totalling 101 students. This number dwindled further when

some students changed their schedules after the f rst or second

week of the semester, withdrew from class or school, and/or were

absent for at least one of the tests administered. The sample

size of four classes also limited the participating instructors

to two 2).

Small enrollments in mathematics at South Central Community

College could not provide four or more classes for which there would

be a treatment group and a no-treatment group enrolled in the same

level of mathematics; many classes had only one section. As a

result thre groups had to be chosen from S Ich Central and one

group had to be chosen from Greater Hartford Community College

Neither college had enough students registered for two Intermediate

Algebra clacses. Teacher-effect was therefore difficult to be

6 '7



controlled.

, Branched-program achievement testing a comparatively new

idea being encouraged for test-retest situations. Studen _

however, despite the,explanation of how to manipulate this tech-
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nique in answering questions, tried to treat the instrument in

the style to which they bad been accustomed, namely, working problems

in consecutive order. A branched-program instrument requires the

selection of successive problems depending on the student ' previoes

answer. The instrument is also designed for computer scoring; lack

of students' adherence to directions given, contributed to loss of

Ns for the sample.

Implication,s

With the Carnegie Commies s recommendation of the open-door

policy for conounity colleges, several educators have researched and

practiced various teaching methodologies to accommodate those students

mho were 1-es capable of mastery of college materIal. Others have

viewed the quiet influx of large numbers of students with poor

academic records as a threat to the image ef the establl ,Iment of

higher education. The community college can be viewed as the insti-

tution of the future which will be functional in (1) preparing a 1,

percentage of students for four-year colleges, ( ) preparing a massive

uMber of the community for career occupations :3) affording educational

enrichment to the masses wi h limited financial means and (4) accommodat-

ing the la e-bloomer who has experienced educational deficiences, b-t

who, given exposure to non-traditional teaching styles which allow for

indtvidual differences, will acquire some degree of success.



514c4s- often promotes a positive self-image and a positve self-

image often influences,expe tation, attitude, and future performance.

Anong acme of the Innovations i- education that have provided this

level of success la individualized instruction, which is not ltmited

to the college-age group, nor to the less-capable student. It pro-

clates that egalitarianism and indtvidual differences, can proceed

through ccalege in varied ways and rates, arid can exit frontcollege

with diffe ent competencies to satisfy their individual need ; it

also recognises that teachers too have distinctive cognitive otyles

that affect their teaching; and it supports the theory of mastery

learning whereby 95 per cent of students can leari a subject to a high

level of "mastery vitb time as the varying factor -d not achievement.

Tbis study was aimed at 1.7westigating a form of the Keller Plan

and WPPorted the contention that students who studied by the

Individualized Method of instrLtionwould tend to take the initiative

ta settirig their individual ge-ils, an accomplishment which can lead

them' tnto Mfe-long self-directive learning; the study also supported

other tleories that students wt

perfermed as well as OT better

Lecture er.yle of teaching, and

udied by this method of Instruction

those studied by the traditional

- individualized instruction favors

creativity', critical thinking, development of self-concept and the

ability to transfer concepts to prOblerm-solving situations.

Ithme of the students in this tudy, with reference to the problem-

ng task "I. thought that this test really required a

seuseofb.m-to-do mathematics. This took me three days to finish

but after fi ishing, I felt a sense of great satisfac ion." Its

educatoas, orm of ale implications of this study is that learning

9



experiences should constitute educational exposure to problem-

solving approaches; moreover, students should actAtire the skill to

successfully apply the teChniques when c6nfroated with transfer

situations.

Individualization of Instruction is but one style of innovation

in education; the search for altert tives to meet students' individual

needs continues. If by developing studentst initiative and helping

them experience success sense of accompli hment -- they can

internalize personal-achievement and development as goals, then

their motivation for learning would not terminate with a degree,

but becomes life-long.

Suggestions for Further _s- arch

The results of this study has implications for further research

and refinement. Among the salient features:

1. Replication vith a larger sample.

2. A practice se_-ion vith the branched-program ach evement

test before administring the Instrument.

Experimentation vitt randomized groups especially to measure

tran-fer of concepts to situations outside the realm of

content directly taught.

Further comprehensive and systematic l'esearch on other

affective variables in academic achievement.

Institutional implementation of more than mne teaching

methodology, and evaluating the outcomes through on-go n-

research.

Such research nay have beneficial signifi ance in guidance an

placement of students, identification of hi h and lov achievers

70
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through diagno tic testing, helOing to discover effective eans to

diminish fear of mathematics and humanizing mathematics withou

sacrificing excellence.

JtEllEtEELLEI

The ultimate goal of educational research thould be to analyze

present educational techniques and to suggest improve

increased-- imization of learning. Attitudes can indirectly

affect learning since individuals' self-concepts often dictate the

extent to which they might naster the control of their destinies.

-aliz-tion of instruction has been cited in several studies

thin Investigation as a source whereby students were afforded the

opportunity to gain self-esteem. South Central Community College

cam also be benefited by such innovative curricula changes.

Institutional plans for additional individualized projects have been

ganized by the Head of Interdisciplinary Studies and the writer

(Appendix: G). A three-day staff workshop, scheduled for Eay 27

through May 29 and a summer institute, scheduled for June 2 through

June 20, were devisud.

The department of Interdisciplinary StUdies has been recently

Lx :ths) conceived at South Central Community College and the

summer Institute was the first in the college's history. The theme

of the institute was Innovatio in Education and the writer.

-f the guest speakers at the worlcahop. It was the writer's

concept that the program hould address itaelf to individual studen

needs. The design of the learning experiences during the three

weeks Nas the responsibility of the writer who organized a program

for learning in Iccord ace with students needs. Appendix E
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illustrates the procedures for individualization of instruction during

the institute and cites some of the dbservations during the initial

stages. There were 193 applic-_ ts to tbe institute, of whicb 123

tended on the fir- day; 75 of those who attended were enrolled in

the mathematics program. Statistical results were not yet available

but a subjective evaluation indicated Chat students were highly

enthusiastic about the program aad deuionstrated this enthusiasm by

their zealous participation.

The writer and the Head of Inte disciplinary Stcdes %re in

agreement that Individualized instruction can meet some etudents'

needs and have made plans t- incorporate this teaching methodology

as a part of the regular yearly program. To determine the type of

truction which might best serve the students' needs

mapping of individual students would be produced. Student preferences,

as well as their strengths and weaknesses wouldbe considered, with the

ultimate soal of maximizing learning.

A.kno in the mathematics department of South Central Community

College the department head has sanctioned further development end

utilization of individualized instruction. In this department, two

of the four instructors have planned to proceed beyond the experimental

stage and teach more of their c3. es by this method, sometimes using

team appr ach.

The mathematical ueeds of the coJJ_ -n ity are vast; if by imple ent-

ation of individualized instruccion more success among students can be

realized and attitudes and self-concept cart be favorably changed during

this p ocess them one of the najor goals of education would have eerx

accomplished.

2
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Behavioral Objectives -- Fundamentals of Algebra I
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SP ALGEBRA I 14,101

Behavioral Objectives.
Uni I

e student will he able to:

Understand how algebra began and be able to repr sent numbers with
symbols.

Know the language of algebra, that is know he meaning of factors,
terms, exponents, monomials, nultinomials.
Find the sum by coMbining like terms given of monomials and/or
multinonials.

4. Subtract one algebraic expression from the other, given two algebraic
expressions.

5. Find the product given two or more monomials.
6. Find the product, given a nonomial and a niultinon
7. Find the product, given two multinomials.
8. Know the mifining.of Distributive Property and u e it to multiply a

monomial by a multinomial and a multinonial by a multinomial.
9. Know the order of the operations in an algebraic expression that

contains several operations and demonstrate the ability to reduce the
expression by grouping to its simplest form.

10. Identify polynomials from a set of algebraic expr ssions.
11. Divide a monomial by a monomial, given two nonomi ls.
12. Divide a multinomial by a monomial, given a multinomial and a mono
13. Find the quotient of two multinomials.

Behavioral Objec- ves
Unit II

The student will be able to:

1. Factor into prices two and three digit integers.-
2. Know the meaning of symmetric property.
3. Know the meaning of binomial.
4. Know the meaning of trinomial.
5. Identify binomials, trinomials, symmetric property, given a list of

algebraic expressions.
6. Multiply two binomials by inspection.
7. Use the reverse process of nultiplying two binoniala to factor a

tr:nonial perfect square.
8. rInd the product of two binomials with the same literal numbers.
9. Factor trinomials that are not perfect squares.

10. Factor an algebraic expression by extracting its greatest common
factor and a simpler multinomial.

11. Find the product of the sum and the difference of fhe same two numbers.
12. Factor the difference of two perfect squares.
13. Factor the sum or difference of two perfect cubes.
14. Factor an algebraic expression by gr uping.

7 8
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Behavioral Objectives
Unit III

The student wtll be able to:

1. Simplify fractions using the rules for changing s gns in pairs.
2. Find the product, quotient, sum and difference of rational numbers.
3. Find the product and express the answer in simple form, given two

algebraic fractions.
4. Find the quotient of two algebra c fractions.
5. Find the least common multiple of fhree expression-
6. Find the sum (difference) of two or more algebraic fractions.
7. Find the sum of a fractional term and a non-fractional term.
8. Find the simple form of a complex fraction.

Behavioral Obj ectives
Unit IV

The student will be able to:

1. Select the postulate that makes one equation equivalent to another,
given a pair of equations.

2. Select the equation that represents an identity, that represents a
conditional equation or one that has no solutions.

3. Identify each of the reflexive, symmetric; transitive, addition and
multiplication axioms when given a set of equations in which these are
used.

4. Read an algebraic expression written in set-builder notation, under-
stand the meaning and write the solution set utilizing set notation.

5. Find the L.C.D. and find the solution set of a linear fractional
equation in one variable.

6. Solve for one variable in terms of the other(s) given an equation with
more than one variable.

7. Analyze the data of a stated problem, write an equation that can be
used to solve the problem, and find the solution set.

7 9
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Behavioral Objectives -- lute ediate Algebra
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ERMEDIATE ALGEBRA -- M 119

Behavioral Objectives
Unit 1 ,

The student will be able to:
1. Use set notation and set language.
2. Identify natural numbers integers, rational numbers, irrational

numbers and real numbers
3. Apply-the properties of positive integral exponents.
4. Add, subtract, multiply and divide polynomials.
5. Work problems (write answers by inspection) involving special produc
6. Factor polynomials.
7. Reduce rational expressia s to simple form;
8. Add, subtract, multiply and divide fractions.
9. S:Implify complex fractions.

10. Apply the properties of rational exponents to simplify expressions.
11. Apply the propertl- of rsdicals to simplify expressions.

Behavioral Objectivas
Unit 11

The student wIll be able to:
1. Solve first degree equation
2. Solve word-problems which involve first-degree equations.
3. Understand.order relations and their proneriqs.
4. Solve first-degree inequalities and show their solutions on the number

line.
5. Understand the absolute value definition relative to the number line.
6. Solve absolute value equations;
7. Solve absolute value inequalities.
8. Locate points -1.n the Cartesian Plane.
9. Find the distance between two points in the plane.

Behavioral Objectives
Unit III

The student will be able to:
1. Define a relation and a function.
2. Determine functional values.
3. Graph functions involving lin at equations, quadratic equa ions, cubic

equations, and rational equations.
4. Find f + g, given functions f and g.
5. Find f g, givenjunctions f and g.
6. Find f g, given functions f and g.
7. Find f / g, given functions f and g.
8. Classify functions as odd, even or neither.
9. Determine symmetry of functions with respect to the y-axis or the origin.

10. Determine the domain of a function.
11. Determine the range of a function.
12. Determine if the function is increasing or decre s ng.
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Behavioral Objectives
Unit IV

The student w 11 be able to
1. Find the equation of a line given ehe, slope and one point.
2. Find the equation of a line given two points.
3. Graph a line given the equation.
4. Determine the slope of a line perpendicular to the lipe.
5. Solve systems of linear equations by:

(i) Substitution method
(ii) Elimination method.
Solve quadratic equation in order to find the x-intercept of a
quadratic fUnction by:
(i) the factoring method
(ii) completing the square

the quadratic formula.
7. Determine the domain of a quadratic function.
8. Determine the range of a quadratic function.
9. Determine the extreme point of a quadratic function.

10.. Graph a quadratic function.
11. Solve quadratic inequalities.
12. Solve quadratic and radical equations

Behavioral Objectives
Unit V

The student will be able to:
1. Divide polynomials and apply the division algor
2. Use synthetic division.
3. Ilse the Remainder Theorenm to graph functioMs.
4. Use the Factor Theorem to find roots of a polynomial.
5. Determine zeros of polynomial functions.
6. Graph polynomial functions.
7. Graph rational functions.
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VALIDITY DATA
for

ACHIEVEMENT TEST

The early planning for the test to be used at Columbus Technical
Tnstitute (CTT) was done by selection, from a pool of mathematics test
items, those judged most appropriate to the instructional sequence in
tehnical mathematics I and II.. The selection of items was facilitated

data obtained from a programmed algebra test administered there in
_tuber, 1971. After selecting and matching test items, and augmenting

uh_e neclssary, the following conbinations of subtests was adopted.

Aajor Subtests
Technical Mathematics I

.SubSidiary Sultests
1. Straight line equations, elementary

algebraic operations.
2. Simple trigonometry, radian measure,

trig tableo.
- Common angle functions.
4. Algebraic functions anc: facto ing.

Technical Mathematiis II 5. Exponents and logarithms.
6. Vectors and complex numbers.
7. Arc and periodic functions.

Te :s were adminis as

DESIGNATION '6-OTT

1

2

GROUP
1972 starts at Columbus TechAcal Institute,
Lsted between July 11 and September 30, 1972.

30 CTI students having completed Technical Math-
ematics I, tested in February,. 1973,

37 CTI st :dents having completed Technical Math-
ematics II, tested in June, 1973.

37 CTI stadents having completed Technical hath-
ematics III, tested June, 1973.

During the early summer of 1973, the test was administered to 57
new Columbus Tech students. The resulting scores were practically the
same as those from Group 1. Some additional comparisons in trend are
based upon scores obtained from administration of a branched-program
algebra test during 1971-72. This series includes an administration
to 119 CTI students in November, 1971.

sum TRENDS

An overall impression of the trends in test scores, and their values
at different stages of technical mathematics study, can be obtained from
Table 1.
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TABLE 1

Mean Test Scores for Columbus Technical Ins

Four 7,eve1s of Technical Mathematics

tud

Group n Total Items Ratio THI TMII
Score Attempted- Sctore Score Score

1 171 5.1 42.3 0.116 4.3 0.78
2 30 6.9 28.0 0.224 4.7 2.1
3 37 S).2 29.6 0.330 6.4 2.7
4 46 11.4 23.7 0.482 7.7 3.8

Group key: 1--begin11,..rs 2.-complete TMI, 3comp1ete THII, lecomplete ThI
(Test 11-67)

The principal trends to be noted are the generally increasing scores
concurrent with a substantial decrease in the number of items attempted.
The latter decrease may be attributed in part to inadequate control of
time during the first administration. In some instances the time allowed
for completion of initial testing was somewhat greater than the 30 minutes
recommended. Additionally, during a first encounter with a test of this
type, students will frequently resort to rapid guessing. As they become
more familiar w-J-,th the materials represented on the test, they bezome
more inclined to attempt thoughtful answers, and as a result consider
fewer test items in a given amount of time.

Notwithstanding the redution in the number of items ;tempted,
the total scams, as wer as the principal subtest scores, are observed
to increase. The trend in ratio score reflects both the advance in
total score, as well as -,lhe reduction in the number of items attempted.
The mean ratio score for Group 4 is seen to be mere than four time& the
corresponding score for Group 1. The regular advance which is evident
in the ratio score, supports the contention that the test is sensitive
tc the materials taught and learned in the mathematics sequence at
Columbus Tech.

Once again regardinp, the experience with the ColuMbus Tech test
as a pilot plant oper 1, some comparison is possible with score
trends noted in simi7 te .es of administrations of another test.
During 1971-72 a pro - algebra test was administered to students
of six ditferent leve , mathematics study. The scores resulting
from administration of this elementary test illustrate application
over a more extensive range of related achievement.
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TABLE 2

Mean Algebra I Test Scores for Six Student groups

Group Total
Score

Items Ratio Standard
Attempted Score Derivation

A. Algebra I students, Jan. '72 102 8.6 30.8 0.30 0.23
B. Same as A, tested in June '72 102 16.3 35.1 0.49 0.22
C. Algebra II stuck-a-its, Sept. '72 67 19.1 32.5 0.58 0.18
D. Algebra II students, June '73 70 30.8 :57.8 0.82 0.15
E. CTI-TMI* students, Nov- '71 119 23.7 32.3 0.72 0.20
F. Freshmen engineers, Jan. '72 42 53.7 58.1 0.93 0.07

(Test M-06)

*Columbus Tech. Inst. Technical Math I

The data obtained under pilot plant conditions with the CTI test
show trends sufficiently like those shown in Table 2 to support for
viction that the CTI test is capable of doing some of the things planned
for it. In tooth instances there is to be noted a steady increase in the
total score and especially JAL the ratio score as the respondents are
tested at more advanced ltvels. A difference to be noted is in the
degree of difficulty evident in the two tables. Table 2 confirms the
intended level of use for the algebra (M-06) test. The matt ratio score
of 0.49, for students completing one year of algebra, indicates a near
optimum application of the test at this level. The test may be of serv-
ice with students of lesser experience, however it is more diffi,!ult
for them. For students who were more advanced in their mathematAts
study the test is, of course, easier. Nevertheless this test is capable
of discriminating umnag more advanced students, for exar those in
Groups C, D, and
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lREVISED }IATH ATTITUDE SCALE

Directions: Please write your name in the upper right hand corae,of the statements on this opinionnaire expresses a feeling which a
person has toward mathematics. You are to express, on a five-potri
the extent of s,reemert between tte feeling expressed in each stat,.71
and your own personAl feeling. The five point3 are: Strongly Diwigree
Disagree (D), Undecided (U), Agree (A), Strongly Agree (SA). You are toencircle the letter(s) which best indicates how closely you agree or dis-agree with the feeling expressed in each staterlent AS IT CONCERNS YOU.

1. I am always lindor a terrible strain in math class.

2. I do not 1-, Liatl,ematics, and it sca es me to
have to ta.

Mathematics is very i eresting to me, and I
enjoy math course.

Mathematics is fasc: ating and fun.

Mathematics make me feel secure, and at the
same time it is stimulating.

6. My mind goes blank, and I am unable to think
clearly when working math.

I feel a sense of insecurity when a
mathematics.

Mathematics makes me feel uncomfortable,
restles 1:itable, and impatient.

9. Tbe feeling that I have toward math
good feeling.

Jag

s a

10. Aatheuatics makes me feel as though I'm lost in
a jungle of nuwbers and can't find my way out.

11. Mathematics is something which 1 enjoy a great
deal.

12. When I hear the word math, I have a feeling of
dislike.

13. I approach math with a feeling of hes tation, re-
sulting from a fear of not being able to do math.

14. I really like mathematics.

9 0

SD

SD D

U

U

A

A

SA

SA

SD D U A' SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD p U A SA

SD D U A SA



a

15. Mathematic6 is a course in school which I have
always enjoyed studying.

16. It makes me nervous to even think about having
to do a math problem.

I have never liked au.ch, and it is my m
dreaded subject.

18. I am happier in a math class than in any o er

class.

19. 1 feel at ease in mathematics, and I like
very much.

20. I feel a de inite positive reaction to mathemn
it's enjoyable.

91
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SD D U A SA

U A SA

SD D U A SA

SD D U A SA

SD D U A SA

SD D U A SA
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Problem-Solving Test

or

Name:
Period:
Date:

This is a prob,.em-solving situation in which you may find it necessary to

utilize intuition or mathematical concepts that you have learned. Be sure

to try ALL -.)roblems. If 11'--ary resources are needed, please make use

of indicate clearly how 3--11, arrive at your answer. The maximum

amount of time for you to returl-, the test and your answers is ONE week.

1. A set is enclosed under
operation # when for any a and

b in tho set a # b is set. Is the set of ra ionals

closed ander multiplic

2. What is meant by the a,lores4ion division s not associa ve ? Explain

fully giving pertinent tri ion.

. Suppose John's age is represented by X. If you were told John's brother

age was x + 5, what would you know about his brother's age? If 5 years

ago their combined ages were 49, how old are they now?

Here is a point ".". If you were asked to find all pc3nt- oquidis ant

from this point, what kind of figure would you have? Can 'you find obje

in real life that resetble this figure? Give examples if you can.

Consider this set: AI 3, 9, 15, 27, 45, 72, 105 ). 1B there someth

that each of these elements has in common If so, identify.

6. Wrs. Smith's living-room-dining area is 9 feet longer than it is wide.

If the perimeter is 82 feet, what are the dimensions? Her rTig is 12

feet by 18 fet, can this rug cover the entire floor? If the answer

is negative. Aow murth of t'le floor is not carpeted?

7. Bob thinks -! folowl g: A.-7 time Susan comes to a party Tony comes

with her. Eut rr .y 13 out of town this weekend. guess Susan isn't at

this party to,J.Tht. Is Bob's thinking correct? Explain.

8. (X * Y) * (Z * W) (X.* Z) * Cf * 140 holds whenever the operation is

addition or multiplication because of the propert! s of commutativity

and assoeativity. Can we then assume that thls does not hold for sub-

traction since subtraction is neither commutative nor associative? Give

logical reasoning through mathematical illustration.

9. S2, S S5 $7 are,fielde,SSSSare not
10

da. For what

values of n do you think 3n i

10. You are trying to find the number of subsets of a set of 40 elements.

What information might you gather to help you ansver this question?

11. If a b was a definition, what would be some of the consequences

c d

9 3
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of this definition'?
-ny as possible.

12. ive a story to fit LW open sentence: t + 5 > 18,

94
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15, 1975

Dr. Earl Braxton

Interdisciplinary
South Central CommuoivY Celle

Dear Dr, Braxton:

The Summer lust&tute Which vu are it the process of planning canbe a rewarding
experience for many of our students.

As an educator who sincerely ead ardently subscribes to the importanceof meeting the student's needs, I would like to be afforded the opportunity
to share with you during the workshop a synopsis of my Mhjor AppliedResearch-Project which 11 a part of ths requireeente for my Ed. D degree.bave great interest ir Lndividualized instruction.
In my opinion, the three,week Institute would be an ideal situation forsome innovation in education at college. I will be delighted todiscuss this matter more thorougaly with you at your convenietca.

Wry Sncereiy,

-777

NI. Ines Ev

kssiatant Professor, Matheir
South Central Community Col

dig
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(203) 772.34
me

STATE OF CONNECTI 'UT
SOUTH CENTRAL COMMUNITY COLLEGE

111 WIETNEY Avo. NEW flA.VEN, CONNacLictrr O51O

June 20, 975
147.s. Inez Everest

Assistant Professor, Mathematics
South Central Community College
New. Haven, Connecticut

Dear Inez,

Your interest and involvem it in the Summer Institute
has been very rewarding for all concerned.

The workshop which you have run on an individualized
approach to Mathematics was considered highly informative by
attending faculty members. In addition to your workshop, the
Summer Institute which was just completed profited immensely
from your leadership and enthusiasm in the Mathematics area.It was an exciting experience for me to see the impact of
the individualized instructional Math component which you so
effectively put together.

rz2A-ztaa

It is clear to me that you not only understhnid the Meal
but you work with it exceptionally well. The enthusia*m, co centand involvement you demonstrated will'go a long way toward getting
this institution re-evaluated on Its present instructiOnal directions.

Sincerely,

Ear P
Earl T. Braxton, Ph. D.

Chairman, Interdisciplina Dept.

9'7
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edures for urruier Intitut a ning Experiences and Initial
011serw.tions.

Among the several 'variatiois o_ indIvidualized instruction that
have been tn use is the Westinghouse Learning Corporation program
known as Program for Learning in Aceordanee with Needs (PLAN). The
learning experiences at the bum-lter instituto, in most part, resembled
this program as outiined by the writer darine the workshop. The
following abbreviated procedure-4 formed the basis for instructlon in_
glish, mathematics, seence and social science during the three-

yeek period.

tudents' needs were diagnosed on entry into the prOgram, and a
program of study vas prescribed for each stedent. This process was a
time-consuming task but was realized easily with the aid of a work-
study student and esprit de corps.

A diagnostic test -4-as administered on tha first day to teach the
123 students who attended; some tests were given orally and svme writtem
dependiug on the subject matter. Thus each student's needs were evaluated.
When students returned on the second day, their deficiencies were discussed
with them and together, student and instructor agreed on the three-week
program of study. Flexibility was a necessary Ingredient in constructing
t1 l. program and this allowed students to make changes as they progressed
or as there were needs.

In the mathematics program, the structure was more precise. Each
problem on the diagnos lc test had a behavioral objective which was
referenced by a number. (See sample at the ead of Appendix H). Students
worked through objectives which, when completed, were neted on their
prescribed sheets. Students' folders were kept and this arrangement
allowed progress records to be easily accessible. Participants in the
mathematics program were also asked to fill cut an attitude inventory at
the beginning and end of the institute.

Since instructo _ as well as students have different cognitive
styles, a variety of instructional media was available and utilized by
students and instructors. The media consisted of several texts for each
of the disciplines taught, some of which had different reading levels,
tapes, filmstrips, films, transparencies, small group-discussions, and
the tutorial approach on an individual basis.

Formal and informal evaluations were being made but no statistical
results were yet available. Casual observation has indicated much
student enthusiasm with some hesitancy during the first week of the
tnstitute. Also notable was the period of adjustment to a new teaching
style; many made the adjustment very readily, hut a small number of
students (13) did not return after the diagnostic session. Several students

needed remedial skills, but several also participated in advanced learning.
Mere was a marked difference during the second week. Students attended
regularly and everyone appear 4 relaxed and striving to gain additional
knowledge.

9 9
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n from a tape on which students
eessod their feelings almut the summer institute.

"I wns scared to death a out math until I had some
in tructors who worked with me and showed me that it was not
at all tbat Inad. I have anjoycid it here and I hope to take
the course duting the summer. 7 did not get any grade but when
I take the course during the summat I hope to ge a good grade."

"I'm going to college next year. This program helped me
oui; a greai deal tulard TLy college artivltit. I hole zo 4.1ttend

South ,Ceatral in September and I hopn I'll he able tD keep up.
I will like to becoma an aacountant."

"I have accomplished a lot from coming to 'Jle summer institute.
I enjoyed tbe students and tutors. I took three courses; psychology,
englisb and math. I will lika to ihanl< you MI for 'being so concerned."

"The institute should have been instituted long ago for people
who axe having problems in different subjectt,; it needs to be ex-
panded so that more students can benefit from i
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AUTOBIOGRAPHY

Born June 18, 1933, in Nevis, West Indies, the author was the

last of five children three brothers and one sister. She attended

a private school from three and one-half years of age to seven and

one-half years of age, after which she attended a public (governme t)

Girls' School. At the ages of twelve and thirteen she received two

certificates for proficiency in Mathematics, English Reading, Geography,

Writing. At age fourteen she won a scholarship to attend the private

and highly selective Excelsior High School.

Five more years elapsed, and the author completed her high school

career with a Senior Cambridge (England) certificate in English,

English Literature Mathe atics, History, Geography, Religious Knowledge,

Health Science, and French.

She was employed as a teacher durIng which time she studied

educational philosophies, principles and practice of teaching

elementary science and home economics on an independent basis.

Outstanding work in teaching was rewarded with a six-months'

scholarship to study in a specialized area -- the "Junior" years of

elementary school, ages seven to nine. This led to further experience

in teaching at all levels with all boys, all gir.. s, and coeds, five of

these years at the Secondary School.

The author climaxed her teacher preparation in the West Indies

with a one-year scholarship at Spring Gardens Teaching Training College

where she received the Psychology Award and the Principles and Prac ice

of Teaching Award; the Awards exemplifiad the highest achievement
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exhibited in these areas of study during that college year. The years

spent in Nevis saw many friendships of which still exist. The

author enjoyed participating in church activities and civic affairs.

The first Brownie pack in Nevis was established by her; she was also

a Girl Guide leader aad became the first District Commissioner of Girl

Guides on the island of Nevis.

A second phase of the author's life began when she entered a four-

year Higher Education institution in the United States. Her educational

pursuits continued, resulting in a one-year scholarship as an under-

graduate, two National Science Foundation Scholarship Grants, a Bachelor

of Science degree from Southern Connecticut State ollege, a Master of

Arts in Teaching degree from University of Cincinnati, and a Doctor of

Education degree from Nova University. The author finds it challenging

and exciting to t_ach at the Community College, prior to which she

taught at high school level. She has been innovative in her teaching

methodologies has written a Mathematics Manual, Mathimaginatte4)

for h r Intermediate Algebra students who study by the individualized

method of instruction, and philosophizes about humanism in mathematics.

Other innovations include speaking at a Summer Insttute Workshop on

Individualized Instruction and designing a program, for learning in

accordance with needs.

A member of several professional organizationS, the author

subscribes to many professional journals, and attends several confer-

ences yearly. Organizations include: National Education Association,

Connecticut Education Association, National Council of Teachers of

Mathematics, National Association of Two Year Educators in Mathematics,

and Mathe_atics Association of Two Year Educators in Connecticut.
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Other civic and educational involvements include: Board member of

Friends of South Central, Board member of International Student C-nter,

Board member of NAACP (Meriden-Wallingford Branch) and committee member

of Southern Connecticut State College Alumni Association. The author

has served as an officer and/or chairperson of various committees at

South Central Co -unity College, has established a Foreign Student

Club there and served as the Foreign Student Advisor for three years.

She spons _s a yearly International Food Fair at the college and

established a Martin Luther King Club at the high school prior to

teaching at the college level.

Married for the past five years, the author has no children, enjoys

traveling and all outdoor activities. Hobbies include stamp collect-

ing, coin collecting, reading, arid indoor and outdoor gardening. Fond

of suburban living, the author also enjoys a retreat to the woods where

tranquility reigns except for the sounds of the beetles, birds and

frogs, and where nature in its splendor can be appreciated.
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SIGNATURE PAGE

certify that I have read and am willing to sponsor this MajorApp ied Research Project submitted by K. INEZ EVEREST. In my opinIonit conforms to acceptable standards and is fully adequate in. scopeaud quality, as a Major Applied Research Project for the degree ofDoctor of Education at Nova University.

Dr. Bruce W. Tuc_ Advisor

I certify that I have read this Major Applied Research Project and inmy opinion it conforms to acceptable standards for a Major Applied ResearchProject for the degree of Doctor of Education at Nova University.

2
Dr. W. Ricard Rrall, Clusar Coordinator

This Major Applied Research Project was subm.tted to the CentralStaff of the Nova University Ed.D. Program for Community College Facultyand is acceptable as partial fulfillment of the requirements for the degreeof Doctor of Education.

ROSS Moreton, Direci of Research

and Evaluation
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